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Chapter 1
INTRODUCTION
Daring fixed-interval (EE) schedules of reinforcement the 
first response after a designated time interval is followed by rein­
forcement. After moderate exposure to such a schedule, responding 
during the interval takes on a characteristic pattern which reflects 
signs of a temporal discrimination (Skinner, 1938, p. 125). This 
scalloping, as the pattern is called, consists of a pause after 
reinforcement (post-reinforcement-pause or PRP) which is followed by 
a positively accelerated rate of responding. A somewhat different 
pattern of responding develops after extended exposure to EE schedules 
(Ferster & Skinner, 1957, p. 17̂ ; Cumming & Schoenfeld, 1958; Rubin 
& Brown, 19^9; Schneider, 19&9). This pattern is called break-and- 
run performance and consists of a pause after reinforcement followed 
by a rapid transition to an approximately constant, high rate of 
responding until the next reinforcement is obtained.
Both of these patterns, scalloping and break-and-run, can be 
identified by visual inspection of cumulative records. A quantitative 
description of FI responding is not as simple. Average rate of 
responding is not an adequate measure since it averages zero rates of 
responding with very high rates, while ignoring the characteristic 
patterning usually observed during FI performance. However, several
1
other, measures which do take into account the characteristic FI 
patterning have been proposed (Herrnstein & Morse, 1957; Gumming & 
Schoanfeld, 1958; Fry, Kelleher & Cook, i960; Mechner, Guevrekian,
& Mechner, 1963? Gollub, 196*1-; Schneider, 1969).
Studies which have compared some of these measures (Mechner, 
et al., 1963; Gollub, 196*4-) have dealt with comparisons during and 
after the acquisition of steady-state performance on simple FT sched­
ules, Gollub (196*!-) has noted that one criterion for a good measure 
of FI performance is whether or not such a measure is sensitive to 
changes produced by an independent variable, A search of the operant 
literature for studies dealing with measures of FE performance reveals 
that little has been done to compare specifically the sensitivity of 
various measures to changes in FI performance as the result of the 
application of some independent variable. The present study is an 
attempt to provide such information.
The independent variable in the present study is a change in 
the average interreinforcement time, i.e., a change in the length and 
distribution of interreinforcement intervals, Catania and Reynolds 
(1968, Exp. 5) have shown that this independent variable produces 
systematic and orderly changes in FI behavior. In their study, local 
rates of responding were used to describe changes in FI performance. 
Other independent variables produce changes in FI performance, but the 
known, orderly effect of changes in interreinforcement time make it
3
a particularly useful independent variable for examining the sensitivity 
of various measures of FI responding*
Although FI behavior can be described in some detail by various 
distributions of measures of FI behaviort most of the measures examined 
here are single-valued measures of FI responding® That is, they are 
not total distributions of various aspects of FI steady-state respond­
ing such as reported by Mechner et al. (1963)® The measures examined 
here were chosen because: (1) They had been previously shown to be of
some value in describing FI steady-state performance; (2) They are 
computationally fairly simple®
MEASURES RECORDED
Post-reinforcement-pause (PRP)
This is defined as the elapsed time from the end of reinforce­
ment in one interval to the first response in the next interval.
Mechner et al. (1963), Gollub (196^), and Schneider (1969) have all 
reported that PRP is not systematically related to other measures of 
FE performance across subjects. However, other studies, e.g., Ferster 
(195*0, Neuringer and Schneider (1969), Staddon (I969, 1970), have 
reported that PRP is sensitive to changes in independent variables.
Time to the Fourth Response in the Interval .('ftp
The T^ measure is defined as the elapsed time from the end of 
reinforcement in one interval to the fourth response in the next
interval. Both Mechner et al. (1963) and Gollub (19&0 report that 
measures similar to this appear to be systematically related, across 
subjects, to the degree of scalloping or break~and-run responding on 
.FI schedules.
Average Rate
Average rate is simply the number of responses in the session 
divided by the total number of minutes in the session. Gollub (19&J-) 
has reported only moderate, negative correlations between average rate 
of responding and the degree of patterning during FI behavior. Cumming 
and Schoenfeld (1958, p. 2^8) reported that average rate of responding 
changed little during extended exposure to a long FI schedule.
Running Rate
Staddon (1969, P« 583) has defined running rate as the response
v •
rate following the first response in the interval. With the exception 
of Schneider (1969) and Staddon (1969, 1970), few studies have dealt 
specifically with changes in running rate during FI performance.
Response Rate Between the First and the Fourth Response
A measure of this nature indicates the abruptness of the change 
in rate of responding after the first response in the interval and 
when compared to running rate gives some indication of whether or not 
the average FI interval can be described as break-and-run or scalloped.
5
Average Daily Quarter-life (Q)
As used here, Q is the average time taken for the first one- 
fourth of the total number of responses in the FI interval to be 
emitted (Hermstein & Morse, 1957; Gollub, 1964). Since Gollub (1964) 
has shown similar measures to be highly correlated with Q (Fry, 
Kelleher, & Cook's (i960) mathematic index of curvature, Gleitman & 
Berheim's (1963) first-half ratio), they will not be considered 
separately here.
Chapter 2
METHOD
SUBJECTS
Four 110 day old male albino rats (Holtzman Co., Madison, 
Wisconsin), with no known previous experimental history, served as 
subjects. They were maintained at 80$ of their free feeding body 
weight by restriction of water intake. , One rat (R̂ ) became ill about 
190 days into the study and the data subsequent to this illness was 
not used. Symptoms consisted of loss of weight (even though water 
intake was increased), diarrhea, and a drop to a very low rate of 
responding where the rate had previously been high.
APPARATUS
A 25^ x 25^ x 330 mm stainless steel chamber, with a hinged 
plexiglass top, was enclosed in a ventilated, light-tight, sound- 
attenuating shell. The floor of the chamber x*as constructed of 16 mm 
diameter stainless steel tubing (Dinsmoor, 1958). Illumination was 
provided by an unshielded 7.5 watt white lamp mounted on the ceiling 
of the attenuation shell. A water dipper (LVE, model 1351) mounted 
on the center of the wall, 38 mm from the floor and recessed in a 
circular opening 51 ram in diameter, was in a position out of the rat’s 
reach, except during reinforcement when three sec access to *0A ml
6
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of tap water was allowed. The operandum consisted of a metal rod,
6 mm in diameter, projecting 19 mm into the chamber and located 
?6 mm from the dipper opening, 51 above the floor. Fifteen grams
! of force, applied through 6 mm of downward excursion, produced a micro-
switch closure and a dick that was audible to the experimenter. Two
of the above described chambers and shells were used.
Recording and solid state programming devices were located in 
an adjoining room. Responses and reinforcements were recorded on 
cumulative recorders and digital counters. A sequential record of 
responses and reinforcements was also collected on punched paper tape. 
The paper tape data were analyzed later by a special arrangement of 
solid state devices and a printout counter.
PROCEDURE
All subjects were shaped to bar-press for water and then given 
100 reinforcements by reinforcing every response. They were then put 
on a FI schedule until responding appeared stable, as judged by visual 
inspection of cumulative records and average response distributions.
The average response distribution is the relative frequency of re­
sponses in successive tenths of the average FI interval. To examine 
the effects of shortening the average interreinforceraent interval, a 
shorter FI was mixed intermittently, one-half of the time and in an 
irregular sequence, with the first FT schedule. Technically, this is 
a mixed fixed-interval, fixed-interval schedule of reinforcement
8
(mix FI FI) (Ferster & Skinner, 1957) o With this procedure the 
effects of the addition of the shorter interval were apparent in the 
behavior occurring in the longer interval (Ferster & Skinner, 1957; 
Catania & Reynolds, 1968; Staddon, 1969)*
The schedules that were used may be specified as variants of 
the general form, mix FI X FI aX where a 1.0. The X value specifies 
the duration, in seconds, of the first FI in the mix FI FI, and the a 
value specifies the second FI in the mix as some percentage, less 
than or equal to 100$, of the first Flo For example, when X = 60 see 
and a = .75, the schedule is a mix FI 60 sec FI 45 sec. When X =
60 sec and a_ - 1.0, the schedule is a mix FI 60 sec FI 60 sec, or a 
simple FI 60 sec schedule,,
Three X values were studied % X = 30, 60 and 120 sec. The a 
values studied were between 1.0 and 0.50 and varied by increments of 
0.05 or larger. The different programmed.mix FI X FI aX conditions 
studied, the order in which they were presented and the number of 
sessions each was in effect for each rat are presented in Table 1.
Since interest was not specifically in the terminal steady-state 
performance on mix FI X FI aX values where a c 1.0, the animals were 
not run for extended periods on these values. With a few exceptions, 
subjects were run seven days a week at approximately the same time 
each day. Daily sessions were terminated after 60 reinforcements 
during the X = 30 sec and X = 60 sec conditions and after 45 reinforce- 
ments for X = 120 sec conditions.
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Table 1
The Number of Sessions on the Conditions and, in 
Parentheses, the Number of Sessions Prom 
Which Condition Means Were Calculated
Condition X = 30 Sec
a Values El R2 R3 R4
1.0 29 (5) 41 (3) 24 (5) 43 (5)
.95 7 (3) 8 (3) 6 (2) 7 (3)
<>90 11 (2) 8 (3) 6 (3) 8 (3)
.85 7 (3) 6 (2) 8 (3) 8 (3)
.80 7 (3) 6 (3) M M O D M a a m 8 (3)
1.0R 14 (3)
X = 60 Sec
1.0 35 (3) 48 (4) 50 (3)
.95 8 (3) 7 (3) 7 (3)
.90 6 (2) 8 (2) 7 (2)
.85 8 (2) 6 (2) 7 (2)
.80 8 (2)
X = 120 Sec
1.0 68 (5) 39 (4) 92 (4)
.95 6 (3) 7 (3) 6 (3)
.90 7(3) 6 (3) 7 (3)
.85 7 (3) 8 (3) 6 (3)
.80 7 (3) 7 (3) 6 (3)
.70 7 (3) 5 (2) 6 (3)
.50 7 (3) 5 (2) 6 (3)
MEASURES
Only data for the FI X component of the mix FI X FI aX 
schedule were recorded and analyzed, The first three intervals of 
each daily session were not recorded, FI intervals with only one 
response were also excluded from analysis. Besides cumulative records 
the following measures were obtained for each subject.
Response Distribution
This was obtained by a series of ten counters which recorded 
responses over the individual FI X interval in successive tenths of 
the interval as timed from the end of the previous reinforcement. The 
resulting response distribution is a summation of the responding over 
the session for the individual FI X intervals. By dividing the number 
of responses in each subinterval by the number of responses in the 
session, a relative frequency distribution of responses was obtained, 
i«e., the proportion of responses occurring in each subinterval,
Post-Reinforcement-Pause (PRP)
This was recorded on punched, paper tape and analyzed later 
by a special arrangement of solid state devices and a printout counter 
The mean PRP was obtained by summing the individual PRP's and dividing 
by the total number of FI X intervals in the session.
Time to the Fourth Response in' the Interval (Th)
As with PRP this measure was also recorded on paper tape and 
analyzed later with the aid of a printout counter. Each day the
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average was obtained for each subject by summing individual T^'s 
and dividing by the number of FI X intervals in the session which 
contained four or more responses*
Average Rate
For each daily session average rate was calculated by dividing 
the total number of responses during the FI X intervals by the product 
of the X value and the number of FI X intervals in the session which 
contained two or more responses.
Running Rate
This was calculated by dividing the total number of responses 
during the FI X intervals by the total time spent in FI X intervals 
less PRP's in FI X intervals. As with average rate, total time spent 
in FE X intervals was obtained by multiplying the X value by the total 
number of FI X intervals in the session which contained two or more 
responses.
Rate of Responding Between the First and the Fourth Response
This measure was obtained for each session by dividing the 
difference between average PRP and average into four responses.
Average Daily Quarter-Life (Q)
For each subject at each condition, Q was calculated by finding 
the point on the average response distribution (relative frequency
12
distribution) where 25$ of the FI X responses occurred. The form of 
the distribution between subintervals was assumed to be linear andf 
thereforef a linear interpolation technique was used to specify Q 
values which were within subintervals.
Chapter 3
RESULTS 
CUMULATIVE RECORDS
Cumulative records were used to judge whether the pattern of 
responding during individual FI X intervals xtfas scalloped or break- 
and-run. Figure 1 shows records for X = 30 sec, X = 60 sec and 
X = 120 sece The records are from the latter part of daily sessions 
on the last day of a a 1,0 conditions,, Downward pips of the recording 
pen indicate reinforcement. Visual inspection of the records reveals 
that responding can probably be best described as break-and-run, with 
the possible exception of R3 at X = 120 sec. That is, immediately 
after reinforcement response rate is near zero, but at some time before 
the end of the interval there is an abrupt change to a high, constant 
rate of responding. The lower left hand portion of Figure 1 also 
shows some representative conditions where a< 1.0. Dots below some 
of the intervals indicate the occurrence of FI aX intervals. For all 
subjects, except R3 at X = 60 sec and X = 120 sec, break-and-run 
responding was also the most predominant pattern during a 1.0 
conditions.
RESPONSE DISTRIBUTIONS
These were used to judge day-to-day stability and also to 
verily that the changes in a values were producing orderly changes
13
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R3
S3
R3
4 MIN
Figure 1. Cumulative records for X = 30 sec, X = 60 sec and X = 120 sec 
during the a = 1.0 conditions (upper left and right and lower right, 
respectively) and for representative mix FI X FI aX schedules where 
a c  1.0 (lower left).
in FI X responding. Figure.2 shows the average response distribution, 
converted to the mean proportion of the total number of responses 
occurring in each subinterval of the FI X interval, for X = 30 sec, 
and Figure 3 shows a similar distribution for X = 120 sec. Representa­
tive distributions of FI X behavior on a<- 1.0 conditions are shown as 
well as FI X distributions for a = 1.0 days. The mean proportions 
were calculated from the last 3, ^ or 5 days of the a = 1.0 conditions 
and from the last 2 or 3 days of the conditions where a < 1.0 (see 
Table 1).
The reason for not always averaging the last five days of the 
a = 1.0 conditions and the last three days of the a < 1.0 conditions 
is that the data for each of these days did not always meet the require­
ments that all measures be capable of computation from the same set 
of data, as Gollub (1964) has suggested. Consequently, if the data 
for a particular measure on a particular day were not available, the 
rest of the data were not used to calculate other measures on that day. 
.Among the reasons for excluding data were apparatus failure, experi­
menter errors, and the fact that subjects were run in pairs and some 
of the data were obtainable from only one animal of the pair on any 
particular day. For example, if the tape punch malfunctioned in such 
a way that the time to the fourth response could not be obtained for 
a particular day, • then the data for that day were not used in the 
calculation of the response distribution, PRP, Q, average rate, etc.
An apparatus failure during the X = 60 sec condition for R4 accounted
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for the loss of all a < 1.0 data for this subject. Cumulative records 
for Rh during the X = 60 sec, a = 1.0 condition and for the X = 120 
sec, a = 1.0 condition, for which the rest of the data are also excluded, 
are included only to further demonstrate the break-and-run nature of 
responding during the FI X intervals.
Figures 2 and 3 show that when changes in the FI X distribution 
occurred, they were such that the proportion of the total number of 
responses early in the interval increased, on the average, while the 
proportion of the responses later in the interval decreased, on the 
average. The X = 60 sec conditions, which are not shown here, showed 
a similar pattern of changes. These results are consistent with those 
of Catania and Reynolds (1968, Exp. 5), who used pigeons as subjects.
In general, the average response distributions show that the subjects' 
behavior was sensitive to the independent variable.
A comparison of Figure 1 with Figures 2 and 3 shows that the 
average response distributions are usually not representative of 
responding during the individual intervals. That is, the pattern of 
responding during individual intervals was usually break-and-run but 
the average distribution shows a gradual increase in responding over 
the interval. This is the result of the fact that a group of step- 
like curves can be averaged to produce a smooth, gradually increasing 
curve. This limitation of the average response distribution for 
representing responding over individual FT interval has been noted by 
other experimenters, e.g., Mechner et al. (1963, p. 328), Catania and 
Reynolds (1968i Exp. 5, p. 363), and Schneider (1969, p. 685).
POST-KEOTFORCEMENT-PAUSE, T^AND Q
The changes in PRP, Th and Q as a function of a values are 
represented graphically in Figure 4 at X = 30, 60 and 120 sec for a 
selected sample of subjects,, Changes for subjects not shown in 
Figure h were similar* The mean values for all measures , subjects 
and conditions are shown in Table 2» With the exception of R2 at 
X = 30 sec, all animals showed performance changes as a function of 
a values* For example, the change in PEP for R3 at X = 30 sec was 
such that the range of the daily means at the a = 1.0 condition did 
not overlap with the range of the daily means at the a = O.85 condition. 
Again, with the exception of R2 at X = 30 sec, this was true for PRP 
and Th for all subjects at all X values studied. When the measures 
were compared at a = 1.0 and at the smallest a value studied, the 
relative magnitude of change was always greater for the PRP and T1* 
measures than it was for the Q measure. This was true for all X values 
and all subjects, for R3 at X = 60 sec being the one exception.
The first three columns of Table 3 show the correlations 
(Pearson product-moment or r) between PRP and Th, PRP and Q, and Th 
and Qo Ignoring R2 at X = 30 sec for the moment, all correlations are 
positive and high (0.80 ̂  r < 0.99). From these data it may be 
concluded that when FI behavior changes as a result of changes in the 
a values, PRP, Th and Q change together and in the same direction.
For example, it does not appear as though PRP changes independently 
of changes in either Th or Q. This generalization must of course be
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Table 2
The Condition Means for Measures of FI X Responding
X = 30 Sec PRP T4 *3
a Values R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 ,R4
1.0 ' 18.6 15.7 17.0 16.0 23.1 18.8 21.5 23.1 20.9 19.8 20.0 21.6
.95 16.? 16.9 12.3 17.5 20.8 18.9 16.4 23.2 19.8 19.9 16.1 22.0
.90 15.5 15.4 9.6 14.9 19.8 18.2 11.3 19.1 20.5 19.2 13.0 20.1
.85 14.8 15.9 5.3 15.4 18.5 17.6 8.3 17.7 19.0 19.3 11.7 19.5
.80 14.3 16.8 13.8 18.0 18.9 17.3 19.2 19.9 19.4
1.0R --- 16.3 -— - 20.0 21.0
X = 60 Sec
1.0 34.8 40.2 39.4 39.7 47.2 44.6 42.5 48.0 44.2
.95 32.4 36.1 32.1 36.6 44.8 38.5 39.4 45.7 39.6
.90 32.7 37.4 33.0 37.8 42.8 39.2 39.8 44.8 39.1 aa*
.85 28.4 35.8 26.1 34.5 40.5 34.9 O W M O 38.4 43.3 32.1
.80 -<—  ■ 33.8 -T —
. . .....
37.1 41.3 — - _
X s 120 Sec
1.0 80.3 83.1 79.2 88.2 90.7 86.3 e i n a A 90.5 91.3 80.6
.95 82.3 81.1 79.4 88.4 87.9 87.4 92.6 89.0 84.9
.90 81.5 77.4 76.5 89.8 84.6 86.2 90.6 84.4 86.9
.85 72.4 74.5 76.2 83.6 82.6 82.4 ■ ■ W W W 89.2 81.7 83.4 • »  n e o jc s
.80 70.0 68.1 74.2 . . . . . . . ?6.4 74.5 81.2 83.8 78.2 86.2
.70 63.1 63.6 60.4 70.1 72.8 65.8 80.0 75.7 75.9 ■» n m a n
.50 42.1 47.9 41.0 48.7 57.0 46.7 — — 66.6 68.2 58.4 — —
ro
Table 2 (continued)
X = 30 Sec Ave Rate Run Rate T4 Rate
a Values . R1 R2 R3 R4 R1 R2 R3 R4 HI R2 R3 R4
1.0 16.1 34.6 22.2 21.1 42.7. 72.4 51.3 45.4 54.7 76.4 55.4 34.7
.95 24.4 34.8 36.1 21.3 55.2 79.6 61.6 51.9 59.7 124.4 60.1 43.7
.90 3k. 6 3k.o 52.0 34.2 71.9 70.2 72.2 68.0 56.9 8 7.7 119.5 57.4
.85 35.7 38.8 58.2 42.7 66.5 82.4 70.6 88.0 66.1 137.3 80.7 109.0
.80 37.5 32.5 •BB «*•«*»«» 45.7 71.8 74.6 s«»<n 84.5 67.5 122.7 68.5
1.0R --- — — 34.0 — - 74.5 e»«w sao» 66.2
X = 60 Sec
1.0 25.6 19.6 17.1 61.1 59.0 49.9 •POg !■« 51.3 34.4 4?.l
.95 26.2 24.9 17.3 56.7 62.6 37.3 57.7 27.6 37.7 ««»»»*»
.90 24.1 28.4 16.5 — ithiuiw 52.9 75.7 36.7 47.2 45.5 38.7
.85 26.4 32.4 14.4 50.0 80.3 25.4 4B»OB«aae» 39.5 51.4 27.1
. .80 ;--- ' 3 7.7 ---- 100.0 Meaaaai mrtmaoem 73.4
X = 120 Sec
1.0 15.2 15.2 7.0 46.0 1 49.2 20.5 31.0 34.7 40.0
.95 14.4 14.6 7.3 45.8 45.2 21.7 42.4 38.0 33.2
.90 15.3 17.1 10.5 47.2 | 48.3 29.2 29.2 33.7 26.9
.85 17.9 19.4 10.7 46.0 51.2. 30.4 23.5 30.5 29.O
.80 22.6 27.4 11.4 54.2 63.5 29.8 38.3 37.8 44.0
.70 22.4 28.2 16.6 47.2 60.0 33.6 35.0 25.8 45.7
.50 23.6 36.6 27.8 36.4 60.8 42.4 — - 38.5 36.4 43.9
Table 3
Correlations Between Measures 
of FI X Responding
Condition
Subject
R1 
R2 
R3 
R4
PRP-T4
.99 6 
.568 
.987 
.842
X =30 Sec
PRP-Q T4-Q PRP-PR
.801 .851 -.941
I -.107 .222 .452
.975 .995 -.907
.870 .99^ -.70?
X = 60 Sec
R1 .980 .881 .936 .888
R2 .890 .930 .994 -.814
R3 .994 .981 .958 .996
X = 120 Sec
R1 .993 .998 .995 .608
R2 .997 .979 .978 -.796
R3 .997 .948 .950 -.901
Note.— The means of the daily averages of 
each condition were correlated across a values.
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considered within the limits of the a values studied and the amount 
of exposure to each a <  1,0 condition®
Since R2 at X = 30 sec was not sensitive to the changes in 
the independent variable (no systematic changes occurred in any of. 
the measures taken) PRP, 14 and Q varied little as a function of a 
valueso Hence, these restricted ranges of values in PRP, T4 and Q 
make the correlation coefficient of little descriptive value in this 
situation®
Studies which have reported that PRP is not related to other 
measures of FI performance across subjects have dealt with steady- 
state performance during FI schedules (Mechner et al®, 1963; GoHub, 
1964; Schneider, 1969)« The present results are not necessarily in 
disagreement with these findings® That is, in the present study PRP 
was not compared to other measures of FI responding within individual 
intervals of the session® The results reported here are in agreement 
with previous studies which have reported that PRP is sensitive to 
changes produced by an independent variable, e.g., Ferster (1954), 
Neuringer and Schneider (1968), Staddon (1969, 1970)® Like the present 
study, these studies employed measures which were session or condition 
averages and did not examine within interval responding during a 
particular session®
AVERAGE RATE, RUNNING RATE, AND THE RATE BETWEEN 
THE FIRST AND FOURTH RESPONSES
Post-reinforcement-pause is a measure which reflects changes 
in pausing (not responding). The rate measures reflect the degree to
25
which pausing and response output interact. Some representative 
examples of rate changes as a function of a values are shown graphi­
cally in Figure 5« Table 2 contains the rat© data for all subjects 
on all of the conditions. The last column of Table 3 shows the 
correlation between PRP and running rate. Since the correlations 
between PRP, T^ and Q are high and positive, any correlation between 
T̂l- and running rate or Q and running rate should be of approximately 
the same order of magnitude as the correlation between PRP and running 
rate.
Table 2 shows that among the rate measures only average rate 
is very systematically related to changes in a values across subjects 
and X values. Average rate usually increases as a values decrease, 
but in the case of R2 at X = 30 sec and R1 and R3 at X = 60 sec it 
remained approximately constant. However, within subjects at any 
given X value, both average rate and running rate were systematically 
related to changes in a values; average rate usually increased as a 
values decreased and running rate sometimes increased and sometimes 
decreased as a values decreased. In all instances where average rate 
did not increase as a function of decreasing a values, running rate 
remained either approximately constant (R2 at X s 30 sec) or decreased 
(R1 and R3 at X = 60 sec). With the exception of one subject (R1 at 
X = 120 sec), when average rate increased as a values decreased, 
running rate also increased as a values decreased. The mean rate of 
responding between the first and the fourth response in the interval
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Figure 5« A representative sample of rate changes during the 
mix FI X FI aX, a <: 1.0 conditions.
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was extremely variable across a values9 but in general usually 
paralleled the changes in running rate— as might be expected if respond­
ing during the intervals was break-and-run.
Correlations between PRPjand running rate across a values were 
fairly high but were sometimes positive and sometimes negative (see 
Table 3)» This indicates that while PRP usually decreased with de­
creasing a values, running rate sometimes increased and sometimes 
decreased, depending upon the subjects and the X value.
RECOVER! OF BASELINE DATA
Data for the recovery of basline FI X responding were available 
only in the case of R̂ - at X = 30 sec. The recovery condition lasted 
for only sessions. Figure 2 shows the mean response distribution 
of Rk for the last three days of the recovery condition. Table 2, 
row 1.0R, provides the other relevant data. Both PRP and Q recovered 
to a level which was almost exactly that of the original baseline 
condition. After the recovery condition, T4 was substantially less 
than during the original FI X condition. Neither average rate, running 
rate, nor the rat© between the first and fourth responses recovered 
to a level comparable to the original baseline. Since PRP increased 
to a level almost exactly that of the original baseline, the failure 
to recover T4, the average rate of responding, and the mean rate 
between the first and fourth response can be viewed as a failure to 
recover the lower running rate of the original FI X condition.
COMPARISONS WITH DATA FROM SOME OTHER STUDIES
The data from the a = 1.0 conditions were very similar to those 
reported in several other studies of FI behavior. Gollub (196A) re­
ported Q*s which were approximately 70$ o f the FI interval. In the 
present study the average Q across all subjects at all a = 1.0 condi­
tions was 72.2$-of the FI X intervals studied. The changes in the 
rate data are in fair agreement with those that were reported by 
Catania and Reynolds (1968, Exps. k and 5)«
Figure 6 compares PRP and Tk, averaged across subjects, to the 
average breakpoint for three of the six FI intervals in Schneider’s 
(I969) study. The breakpoint is defined as the point of maximum 
acceleration of response rate in the interval. Schneider found that 
the breakpoint occurred, on the average, about two-thirds of the way 
through the FI interval; the slope of the regression line relating 
breakpoint and Ft length equalled 0.67. If PRP is taken as an estimate 
of the breakpoint in the present study, then the results reported here 
compare quite favorably with those reported by Schneider; this is shown 
in Figure 6 by the close agreement between the PRP data points and the 
line with O.67 slope. If is taken as an estimate of the breakpoint, 
the agreement is not quite as good, although still very close. Visual 
inspection of cumulative records showed that the fourth response in 
the interval usually occurred at a point which was in the "run" 
portion of the break-and-run pattern. Mechner et al. (I963, p. 326,
70
a
ssI so. 
60
30
120
ps s m s k c o w s s
Figure 6. A comparison of PRP, T4 and break point. 
The filled, and open circles represent the mean of 
all rat subjects in the present study. The filled 
triangles represent the mean of six pigeon subjects 
from Schneider's (1969) study. Schneider fit the 
regression line plotted here by the method of least 
squares (slope equal to 0.6?) to the data from six 
different FI conditions: FI 16, 32, 64, 128, 256
and,512 sec. Hie data from only three of these 
schedules are plotted here (FI 32, 64, and 128 sec) 
since they are most directly comparable to those 
used in the present study.
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Figure 1) report a similar finding for all six of their rat subjects.
If one considers these findingsf it would probably b© the case that if 
breakpoint were calculated for each FI interval in the present data, 
it would be located somewhere between the first and the fourth response 
in the interval, i.e., between PRP and It might then at least be 
tentatively concluded that the breakpoint would show changes similar 
to PRP and W  as a result of changes in a values and also that 
generalization about PRP and T4- might also apply to the breakpoint.
Chapter 4
DISCUSSION
After extended exposure to FI schedules of reinforcement, 
break-.and-.run responding during FI intervals can be described by a 
two~state model (Gumming & Schoenfeld, 1958, p. 248; Schneider, 19^9)«
The first state consists of a period of no responding immediately
/
after reinforcement and is followed by state two which consists of a 
rapid transition to a high and constant response rate during the 
latter part of the interval. A high correlation between PRP, T4 and 
Q would be expected ifs (l) State one becomes shorter or longer as 
the result of the application of an independent variable, (2) state 
two begins after the first response in the interval, and (3) state 
two response rate (running rate) changes in a characteristic manner 
but break-and-run responding is preserved. Such was the case in the 
present study. In roost a <  1.0 conditions FI behavior could be 
described as break-and-run (two state) and in most a c 1.0 conditions 
PRP and T4 decreased (state one became shorter) and running rate (state 
two rate) changed in a characteristic manner as a values decreased.
Although PRP, T4, Q and running rate each, to some extent, 
reliably reflected changes that occurred in FI responding, no single 
measure could adequately describe the changes in FI patterning. In 
this respect they suffer the same disadvantage as average rate.
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Post-reinfore ament ~pau.se and T4 both became shorter but neither one 
taken by itself specified the changes that occurred in running rate# 
Even though Q changed systematically and reliably with changes in a 
values and was highly correlated with PRP and T4, the same Q value did 
not necessarily result from a similar pattern of FI performance# For 
example, although Q decreased for all subjects during the X = 60 sec 
conditions, running rate decreased slightly for one subject, decreased 
to about one-half of the initial rate for another, and almost doubled 
for a third#
To describe adequately changes in break-and-run FI responding 
two measures are needed# Gumming and Schoenfeld (1958, p. 248) 
suggest PRP and running rate# Schneider's (1969) study suggests that 
breakpoint and response rate after breakpoint would constitute an 
accurate description of break-and-run responding# Some measure of 
state two response rate is clearly needed. The running rate measure 
is a reasonable choice. If a two-state model seems appropriate, then 
state one length must also be specified# Whether PRP, T4, breakpoint 
or some other measure is used should be empirically determined, i.e., 
the best estimate of state two initiation should be the basis for the 
decision# On the basis of Schneider's (1969) results, the breakpoint 
would seem to be one reasonable possibility. Post-reinforcement-pause, 
T4 and other such measures are alternative possibilities. The PRP 
and T4 measures have the advantage of being much simpler both computa­
tionally and in terras of. the instrumentation involved in their
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recording. The present data demonstrated that9 at least with rat 
subjects, state two initiations can be estimated with measures like 
PRP and Tb,
For the time being at least, conclusions drawn here about 
measures of FI behavior must be limited to situations where the 
independent variable produces changes which preserve the break-and-run 
pattern of FI responding. Previous studies have demonstrated that 
other independent variables may produce just such a change, e.g., 
Straddon (1969, 1970), Dews (1962), and Meltzer and Brahlek (1968, 
1970).
Chapter 5
SUMMARY
Six measures of fixed-interval (FI) responding were examined, 
to see how they reflected changes in break-and-run FI performance:
(1) post-reinforcement-pause, (2) elapsed time to the fourth response,
(3) average daily quarter-life, (k ) average rate, (5) running rate, 
and (6) rate between the first and fourth responses in the interval®
Rats were exposed to various FI X schedules of reinforcement until 
behavior had stabilized® Changes in FI X responding were produced 
by adding shorter FI's, in an irregular sequence, to the original 
FI X schedule® The resulting schedules can be described as variants 
of the general form; mix FT X FI aX where a ^ 1.0. The six measures 
of FI X performance were taken during FI X schedules only. The X 
values studied were 30, 60 and 120 sec. The a values ranged from 1.0 
(simple FI schedule) to 0.50 (mix FI X FI.5X schedule). When a -c 1.0,
FI performance could best be described as break-arid-,run. Most measures 
of Ft behavior changed reliably as a function of a values. Post- 
reinforcement-pause, elapsed time to the fourth response in the interval, 
and quarter-life all showed high, positive correlations between one 
another (0.80 ■*£ r < 0.99). Running rate and post-reinforcement-pause 
were not as highly correlated. Quarter-life reliably reflected 
changes in FI performance but the same quarter-life value was sometimes
35
the result of different FI X response patterns„ For the results 
obtained here, two measures of FI behavior were needed to describe 
adequately changes in FI X response patterning: post-reinforcement*,
pause and running rate. These measures have the advantage of being 
simple, both computationally and in terms of the instrumentation 
involved in their recording.
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